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(54) Manganese-zinc fenites 

(57) A high or medium-permeability, 
low loss, calcium containing 
manganese-zinc ferrite with a given ini- 
tial permeability temperature 
coefficient that is constant and positive 
or only fluctuates by a small amount 
around zero over a wide temperature 
range, has the following basic composi- 
tion 

49 to 55 mol % FezOs 
0.2 to 5 mol % (SnOa and/or TiOrf 
remainder to 100 mol % MnO and 
ZnO combined with 0.03 to 0.4% by 
weight of CaO and a very small amount 
of CoO, in particular 0.02 to 0.5% by 
weight of CoO, the amount of CoO 
being chosen to match the theoretical 
Fe^-content level, which is controlled 
by the proportion of Sn, Ti and extra- 
stoichiometric iron present, in such a 
way that the desired temperature 
coefficient of the initial permeability^ 
is obtained. 
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SPECIFICATION 



Manganese-Zinc f errites 

.Thepresentinvention relates* m 5 
Srtantpropertyoftheinduct^ecomponentapartfromqualityjs* 

D^MbilftySthe material of thecore which is usually a ferrite material. The temperature coeffiaent of 
^cSnw v^ich must be imversly related to thatofthecapMitan^ofmefilter.determmesmevanat.on.n 
10 fCer^^ * accordance with the equation: 10 

w 0 = l/V *; 0 i\+aLL&). C 0 (l + a c A»J 



20 



25 



15 v*ereUandC.denotemeinductanc«andca^ 

of inductance and ac is the temperature coefficient of capacitance. ♦K„„„i liam „ i „t a i ne d 
Sy when «l W=^c(#can mefilterfrequency be kept app^^ 

a* aVoreTmately equalto«>o whereoo is the frequency atthesettemperature with the values L» «^VKI. 
on r n add^n Se materials having atemperaturecoefficientthatontyfluctuatesaroundzeroby a small 

SelreSSg« ^,^.rportableequi P ment.whereaL^c^O.Theinitial permeabi ity/temperature M» 
SlaS Jnc ferrites and therefore the associated losses of medmm and high Pe™"*'** 
ferrite^ dTp3upon magnetic saturation temperature response and upon the temperature ° f ™°" s 
eneS parameters which are determined by the crystal anisotropy energy. ™9" eto ^™/^ 
25 SeS.r S uteble formulations and sintering condition, these relationship 

SS^noTry permeabilrty maxima or bends occur in the^ curve in certain temperature ranges. Asa 
Sut^PoS^Sai^ Lll, roughryconstanttemperaturecoefficients in certa,n temperature ranges 

^us^exSpKy^eansofthe^^ 3° 
3 °en^«nbTiiced^ 

to ^ro aTa s^cific werature. The lower this temperature has to be (it is only above th.s zero po.ntthatthe 

hvsteLis losses, are low) the more Felons have to be present in the ferrrte lattice. The Fe* -on compo- 
„ „ent in the ferrite lattice can be controlled in two different ways, namely: 
36 0) *^gn^tali ro n content, becausearnr part 

formutetionof 50 mol % Ferffc, becomes divalentwhentheferriteisformed. because of charge neutral.ty 

STSE^ ^ by incorporating 

40^en^^ 

^Xmn^theaddrtionofcotaK, has already used to ~n^ lthein ' fta, P er . m ^ bll, ^^ m „E "with the 
cTeffic^nt of manganese-zinc ferrites and results which are to some extent s.m.lar can be obtained with the 

^^oSStt.epresentinventiontoprovideaSn 
Cft low-S ^ Sl coSteTning manganese-zincferrite wim an initial permeabiHty temperature coeffic.ent 

50 wr^SSco,^ 

Tmt^^ngjn particular between -60°C and +100°C.and which can therefore be used to produce 
^m^nteS are'smallerthan hitherto necessary, and which also contributes to a narrowmg of the 

re and"Sedabov brings about results that are v n better than those hith rtoknov^and^npartcularthata 
v ry Sail adSrti nf cobalt to a manganese-zinc ferrit already optimised as regards tin and ftanium 

«, m^mZStaMt havinga given initial P rmeabilitytemp ratur coefficient mat ,s«onsta Mdpo» 60 
^reTfluctuatesbyonlyasmallamountaroundz rooverawid t mperature range, having a basic 

comp srtionof:— 
49 to 55 m I % FesCh, 

65 rem^l^ ightofthebasiccompositionof 65 
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CaO and a very small amountofCoO selected in dependence on the theoretical rV + ^ntentoftheferrite 
d terminedbythe proportion of Sn and/ rTiandextra-st ichi metric iron, s as to produce the given initial 
permeability temperature coefficient 
The amount of CoO present is preferably from 0.02to 0.5% by weight 
5 An advantageous method of producing a ferrite according to the invention comprises the steps of forming 5 
a starting mixture of: 
49to 55 mol % F6203, 
0.2 to 5 mol % (Sn02 + T1O2) 
remainder to 100 nriol %, MnO and ZnO 
10 plus 0.02 to 0.5% by weight of me above components of CoO, " 
subjecting the mixture, if necessary to a prior heat treatment grinding, adding 0.05 to 0.4% by weight of 
CaCCfe pressing the ground material to form cores, heating the cores in a pure inert gas r m particular 
nitrogen, to the sintering temperature, in particular 1 100 to 1300*C, sintering at this temperature in a nitrogen 
. atmosphere containing oxygen and cooling in a nitrogen atmosphere under a decreasing partial pressure of 

15 oxygen. , . , 

The invention will be further described with reference to the drawings, in which :- 

Figures 1 and 2 are similarly graphs on the initial permeability p against tern peiature for two different 
basicferrite formulations to show the effect of adding varying small amounts of CoO; and 

Figure 3 is a graph of the initial permeability against temperature for two different ferrites according to the 
20 invention to illustrate the formation of secondary maxima. . _ 20 

The possibility of controlling the initial permeability temperature coefficient in accordance with the inven- 
tion by the inclusion of suitable amounts of CoO is illustrated in Rgures 1 and 2. 

The basic formulation of the ferrite of Figure 1 is:- 

52.95 mol % FezCh 
25 32.60 mol % MnO 

13.55 mol % ZnO 

0.50 mol % Sn02 

0.40 mol %Ti02 
and that of the ferrite of Figure 2:- 
30 52.43 mol % FeaOa 

32.62 mol % MnO 

13.55 mol % ZnO 

0.50 mol % Sn02 

0.90 mol % T1O2 u-r*. - ^ oc 

35 The effect of the CoO content on the relationship between temperature and initial permeability is shown. 35 
For every +0 01% by weight of CoO, or 0.01 6 mol % of CoO, the secondary permeability maximum (i.e. the 
shoulder on the rfti) curve indicated by vertical arrows, is moved in the direction of decreasing temperature 
by about7to 10C°. To obtain the same movement of the secondary permeability maximum bythe 1 use of 
Fe^-ions would require about ten times as many Fe2+ ions as Co ions. It is thus possible to work in 

40 accordancewimmeinventionwim 40 
low temperature. One advantage of this is that the disturbance phenomena occuring at high iron contents 
are avoided. An additional advantage of controlling the initial permeability temperature coefficient with the 
aid of Co ions lies in thefactthat it is possible to work, not only with low iron contents, but also with low zinc 
contents i.e. at a higher Curie temperature, without the curve sagging between the high and low 

45 temperature maxima. One reason for this may be a tertiary permeability maximum produced by the Co-ions 45 
as shown by ferrite A in Figure 3. This ferrite has been deliberately sintered so that the maximum, here at 
about +90°C is dearly defined. Normally, however, the sintering will be carried put so that the ferrite has the 
curve shown by the broken line in Figure 3 where at is substantially constant over a wide temperature range. 
An example for this is ferrite B. Here alp is so small, at 0.4 x 1 0"^" 1 , that the effective permeability p can be 

50 doubled if the same capacitor is used in the filter as when previously using materials with al^a — 0.8 x 50 
10-«K- 1 > In the present case, the smoothing of the^W curve was effected by moving the maxima marked I, II 
and III namely the Hopkinson or primary maximum, the secondary maximum and the tertiary maximum, 
close together so that there is no longer any waviness in the curve. The invention is illustrated by the 
following examples which illustrate in particular, the advantageous manner in which Co ions can be used in 

55 extremelysmallamountstocontrolmetemperature(x>effidentof{Sn + Ti)- substituted manganese-zinc 55 
ferrrtes, and how, at the same time, very low losses and a low level of variation are obtained. 



Example 1 

Th following amounts of starting mat rials:- 
60 51.5 mol %Fez03 
31.0 mol % MnO 
16.5 mol % ZnO 
0.5 mol%Sn02 
0.5mol%TiO2 

65 plus0.2%byw ight of CoO of the total w ightofthe above materials 
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were mixed for 2 to 4 hours in distilled wat rinabal1mill,subj cted to a preliminary heat treatm ntat850°C 
for one hour and then wet-ground for 2 hours whilst adding an am unt of CaCOa which will produce about 
0.06 % by weight of CaO in the final product Annular cores were pressed from the dried mixture at 1 kBar 
and were heated in pure nitrogen gas, sintered at 1250 to 1300°C in a nitrogen atmosphere containing 2 to 4 
5 % by volume of oxygen and then cooled in a nitrogen atmosphere with a falling oxygen partial pressure, 0.8 
% by volume of oxygen remaining at 1 1 00°C and not more than 20 ppm of oxygen being present at below 
900°C. 

The effect of temperature upon the initial permeability^ is shown for this ferrite in Figure 3 (ferrite B). This 
highly permeable ferrite has a Curie temperature of 175°C and minimal loss coefficient over a wide tempera- 
10 ture range together with a very constant positive temperature coefficient 
The technical characteristics of this ferrite are: 
^ = 3500 

tan%i = 1.5 x HO* 6 at 100 kHz 
-0.8x10- 6 at20kHz 
IS - 0.5 x TO -8 at 5 kHz 

4jb = 0.25 x 10-^mT at 1 00 kHz 
= 0.15 x lO-^/mT at 20 kHz 
Dip = 2 x lO -6 , 2 h . . . 20h, measured at 60°C. 
The specific temperature coefficient alp is substantially constant and positive between -40 and +80°C and 
20 hasavalueof (0.4 ± 0.05) x 10-*-'. Its value can also be adjusted to (0.7 ± 0.1) x lO^K"! forthesame 
temperature range by the use of more severe oxidation during cooling. 

A material of the same composition but without the addition of CoO in accordance with the invention, has 
with otherwise analogous electrical properties: 
aA<i = 0.2x10- 6 K- 1 from20to60 o Cand 
25 alp = (1.5 to 2.5) x lO" 6 *" 1 from 20 to -40°C, there thus being a sharp kink in the //ii(t>) curve. 

Example 2 

A mixture of the following initial materials:- 

50.55 mol % Fe203 30 
30 32.25 mol %MnO 
14.75 mol %ZnO 
0.61 mol % Sn02 
1.84 mol %T102 

plus 0.05 % by weight of CoO o,u., 35 

35 was subjected to the same preliminary treatment as described in example 1 and was combined with 0.1 % by ™ 
weight of CaCOa. Pressings made from this mixture were then heated to 1 1 50 to 1200°C in pure nrtrogen gas, 
sintered atthis temperature in a nitrogen atmosphere containing 1 to 2 % of by volume of oxygen and then 
cooled in a nitrogen atmosphere with a felling oxygen concentration such that at 1000°C there was still 180 
ppm of oxygen present and at 900°C only 1 0 ppm of oxygen. The medium-permeability fernte obtained in ^ 
40 this way had the following technical characteristics: 
fi\ = 1600 
tandfc« = 1.1 x lO^aMOOkHz 
= 6.7 X10" 6 at 500 kHz 

tjb = 0.2 x lO^/mT (100 kHz) ^ 
45 D//ii - 3 x 10" 6 measured at 60°C, between 2 h and 20 h 
alp = (0.45 ± 0.05) x lO^K" 1 from -20 to +80°C 
A materia! of the same composition but without the proportion of Co has the following temperature 
coefficients with otherwise the same properties: 
oJfii = 0.6 x lO"^ -1 from 20 to 80°C 50 
50 a/ffl = (1.5 . . . 2.5) x lO^" 1 from 20 to -40°C 

Example 3 . . m 

A low-permeability material with the following initial composition: 

51.4mol%Fe203 55 
55 33.1 mol%MnO 
14.1 mol % ZnO 
0.5mol%SnO2 
0.9 mol%Ti02 

plus 0. 1 5 % by weight of CoO 60 
60 and0.1% by weight of CaCOa _^ cno ^. 
was treat d essentially in th same manner as in example 1. Sintering for 1-2 hours to kplaceat1150°Cma 
nitrogen atmosphere containing 1 % by volume of oxygen. Co ling was effected in a nitrogen atmosphere 
with the xygen content felling constantly to less than 20 ppm at 900°C. 

The ferrite thus produced had the f Mowing characteristics: 
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ai = 1200 
tan<5fa = 1.5 x 10-* (100 kHz) 
- 5.6x10-° (500 kHz) 
= 15x10-* (800 kHz) 

5 »B=0.4xlO~<VmT(100kHz) 5 
D//a <5 x 1 O" 6 at 60oC, between 2 and 20h 
aifja = (0.75 ± 0.05) x lO" 6 ^ 1 from -40 to +80°C 
With out the added Co in accordance with the Invention, at room temperature with otherwise similar proper- 
ties there is a sharp kink in f&[v) curve with 
, 0 aipa = 0.2 x lO-fiK" 1 from 20 to 60°C 10 
o//« = (1.5„. 2) x 10^K~ 1 from 20 to -40°C 



Example 4 

Table 1 below shows with reference to substances 1 to 5 how the kink or maximum in the jn{v) curve is 
1 § moved to lower temperatures for a given formulation by the addition of increasing amounts of CoO (see 1 5 
Figure 2) while at the same time extremely low loss coefficients are achieved in the low temperature range 
(and at temperature above the maximum temperature). Thus materials are obtained which can be used, for 
example, together with zero temperature coefficient capacitors. For practical purposes, the best materials are 
those marked fl'X tofiA. These are medium-permeability materials which can be used very satisfactorily up to 
20 frequencies of a few 1 00 kHz, 00 shows the properties of a material without the addition of CoO in accordance 20 
with the invention. The pressings used were made as in example 1. The cores were sintered at 1 190°C in a 
nitrogen atmosphere containing 2.2 % by volume of oxygen. The cores were cooled in a nitrogen atmos- 
phere with constantly decreasing oxygen partial pressure. 

25 Examples 25 
Table 2 shows the properties of materials which also have a temperature coefficient that fluctuates around 
zero with a permeability level of about 2000. The powder and pressings were made as in example 1 . The 
materials were sintered at 1 200 to 1250°C in a nitrogen atmosphere containing 2 to 4 % O2 and cooled in 
nitrogen with a decreasing oxygen content 
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CLAIMS 



1 Ahigh or medium-permeability, low-loss calcium-containing manganese-zincferrtohOTg ag^^^^^^ 
5 around zero over a wide temperature range having a basic composition on 



49to55mol% Fe203, 
0.2 to 5 mol % of SnCh and/or Tioz 



^d^ 

CaO^davS small amount of CoO selected in dependence on me meoretk^ 
10 aSnTnedl^P^ 10 

T^rS^^ 

TTfenTatdaTnSin claim 1 substan^ 
15 a method of oroducing a ferrite as claimed in claim 1 comprising the steps of mixing thestarting 

of CoO qrinding the mixture, adding an amount of CaCo3 which will produce from a03 to * e '^ t 
of*ewS"ahto?^ 

20 r«SwnB oxygen, and cooling thesintered cores in a nitrogen atmosphere conta.mng a conun- 

8. A^eSodof^S 

reference to any of the examples. 



